Thioredoxin peroxidase is a member of the peroxiredoxin family and plays a dominant role in a hydrogen peroxide metabolism. A recombinant form of the hyperthermostable thioredoxin peroxidase from the aerobic hyperthermophilic archaeon Aeropyrum pernix K1, a polypeptide consisting of 250 amino acids, was purified. The C207S mutant protein was crystallized by the hanging-drop vapour-diffusion method using potassium sodium tartrate as the precipitant at 298 K. Diffraction data were collected and processed to 2.7 Å resolution. The crystal belongs to space group P1, with unit-cell parameters a = 126. 2, b = 126.3, c = 213.7 Å , = 80.4, = 80.3, = 70.7 . Calculation of the self-rotation function showed that the protein quaternary structure includes a fivefold axis and five twofold axes.
Introduction
The peroxiredoxin (Prx) family includes a number of antioxidant peroxidases that reduce hydrogen peroxide and alkyl hydroperoxides to water and the corresponding alcohols, respectively (Rhee et al., 2001; Wood, Schroder et al., 2003) . To date, the three-dimensional structures of Prxs from various organisms have been reported. Distinct quaternary structures, i.e. monomers (Declercq et al., 2001) , dimers (Choi et al., 1998 (Choi et al., , 2003 Hirotsu et al., 1999) and toroid-shaped decamers (Alphey et al., 2000; Schroder et al., 2000; Wood et al., 2002; , were observed depending on the subtype and redox state of the protein.
The thioredoxin system is a cellular function that removes toxic hydrogen peroxide. In this system, hydrogen peroxide is neutralized through the oxidation of one of the Prx-family proteins, thioredoxin peroxidase (TPx). The resulting TPx containing a disulfide bond is then reduced by thioredoxin. Subsequently, thioredoxin in the oxidized form is reduced by NADPH through the catalytic function of thioredoxin reductase. We previously identified the gene for TPx encoding a polypeptide of 250 amino-acid residues with a molecular weight of 28 703 Da in the genome of an aerobic hyperthermophilic archaeon, Aeropyrum pernix K1, and produced the recombinant protein (Jeon & Ishikawa, 2003) . The recombinant TPx from A. pernix K1 (ApTPx) exhibited thioredoxin peroxidase activity and constituted the thioredoxin system together with two other proteins from A. pernix: thioredoxin and thioredoxin reductase (Jeon & Ishikawa, 2002) . Mutational analyses showed that Cys50 and Cys213 participate in the intersubunit disulfide bonding upon oxidation by hydrogen peroxide and that another cysteine residue (Cys207) is not essential for the peroxidase function. Interestingly, transmission electron microscopy revealed a twofold toroid-shaped structure of ApTPx. This unique quaternary structure of ApTPx contributes to its hyperthermostability, as indicated by mutational analysis (Jeon & Ishikawa, unpublished results) . Here, we report the crystallization and preliminary X-ray analysis of the C207S mutant of ApTPx, which should shed some light on the origin of the thermostability of this oligomeric protein.
Materials and methods

Expression and purification of the recombinant protein
Escherichia coli Rosetta (DE3) cells harbouring an expression plasmid for ApTPx (C207S mutant; Jeon & Ishikawa, 2003) were grown to an A 600 of $0.6 in LB medium at 310 K and expression of the recombinant protein was then induced by the addition of 1 mM (final concentration) isopropyl-1-thio--d-galactopyranoside and further incubation for 15 h at 298 K. E. coli cells containing the recombinant protein were disrupted by sonication in buffer A (50 mM Tris-HCl pH 8.0, 1 mM DTT, 0.1 mM EDTA) and a soluble fraction was obtained by centrifugation at 31 000g for 30 min. The soluble materials were heat-treated at 358 K for 30 min and then centrifuged. Streptomycin sulfate was added to the supernatant to a final concentration of 2%(w/v) and the solution was then stirred on ice for 30 min. After the centrifugation, the supernatant was dialyzed against buffer A and then loaded onto a HiTrap Q column (Amersham Biosciences, Sweden). The bound protein was eluted with a linear gradient of 0-1 M NaCl in buffer A. The fraction containing ApTPx was subjected to gel filtration on a Superdex 200 PG column (Amersham Biosciences) with buffer A containing 150 mM NaCl. The purified protein was precipitated with 80% saturated ammonium sulfate and then dialyzed against 20 mM Tris-HCl pH 7.5. The protein concentration of the final preparation was 25 mg ml À1 , as determined from the absorbance at 280 nm (Edelhoch, 1967) . The molecular weight of the purified protein was confirmed by matrixassisted laser-desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) with a Voyager DE-STR instrument (Applied Biosystems, USA).
Crystallization and data collection
The purified protein was crystallized by the hanging-drop vapourdiffusion method at 298 K. A Crystal Screen kit (Hampton Research, USA) was used for initial screening. Good crystals were grown from condition No. 2 (0.4 M potassium sodium tartrate) in a drop consisting of 2 ml protein in 20 mM Tris-HCl pH 7.5 and 2 ml reservoir solution equilibrated against 0.5 ml of the reservoir solution. Preliminary X-ray diffraction data were collected at room temperature inhouse on a Rigaku rotating-anode Cu K X-ray generator operated at 50 kV and 100 mA. The data were processed with HKL2000 (Otwinowski & Minor, 1997) . The self-rotation function was calculated with the MOLREP program from the CCP4 suite (Collaborative Computational Project, 1994) . Crystal of ApTPx (C207S).
Figure 2
Self-rotation function calculated in the (a) = 72 and (b) = 180 sections.
Results and discussion
We selected the C207S mutant of ApTPx for crystallographic study as this mutant exhibits significant peroxidase activity and its quaternary structure is more homogeneous than that of the wild-type protein (Jeon & Ishikawa, 2003) . The purified protein lacked the N-terminal methionine residue, as revealed on MALDI-TOF MS (data not shown). Crystals of dimensions 0.2 Â 0.2 Â 0.5 mm were obtained by the vapour-diffusion method within one week (Fig. 1) . A roomtemperature X-ray diffraction data set was collected to 2.7 Å resolution with an overall completeness of 86.2%. The detailed conditions and measurement results are summarized in Table 1 . The results of self-rotation function calculations are presented in Fig. 2 . A distinct peak was observed in the = 72 section. In the = 180 section, five peaks were found in directions perpendicular to the fivefold axis. These indicate the existence of a fivefold axis and five twofold axes in the crystal structure, implying that the toroid-shaped ring includes ten rather than eight subunits. Assuming four decamers (4 Â 10 Â 28 571 Da) in the asymmetric unit, the crystal volume per protein weight (V M ) and solvent content can be calculated as 2.75 Å 3 Da À1 and 55.3%, respectively (Matthews, 1968) . On the basis of gel-filtration and sedimentation-equilibrium measurements, we have previously reported that ApTPx exists as a hexadecamer consisting of twofold toroid-shaped octamers (Jeon & Ishikawa, 2003) . However, the self-rotation function of the current crystal form of ApTPx indicates the presence of a fivefold axis rather than that of a fourfold axis and showed that the single ring is likely to consist of five homodimers of the protein.
Phase determination with selenomethionine derivatives is in progress.
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